The benthic production of prey seems to be one of the main drivers among many environmental factors that influence the quality of fish nurseries and potentially limit their carrying capacity. However, the contribution of food availability in the growth and survival of juveniles is still controversial. The Available Benthic Energy Coefficient (ABEC) aims to assess the trophic profitability of benthic invertebrate prey; this concept reflects the combination of energy richness and availability of prey. A value of the coefficient was associated with each prey species. This value was calculated from the product of 4 components: (1) mass energy, (2) productivity, (3) regeneration, and (4) accessibility. Thus, this coefficient is expressed as a quantity of energy per unit of weight and per year. From this coefficient, it is simple to calculate the annual production of profitable energy for the fish community in a delimited nursery; it only needs information about the biomass of benthic invertebrates via a standard sampling method. This tool appears to be decisive in properly estimating the carrying capacity of such a fish nursery. Prey classifications based on taxonomy or trophic guilds are widely used in predator-prey studies; comparison with a classification based on ABEC highlighted the energetic heterogeneity of these groups. ABEC can also be used as an index of profitable energy, thereby substituting the usual classifications of prey in trophic studies.
INTRODUCTION

29
Coastal habitats are used as nurseries by many species and are thus considered essential for 3 in predation rates among prey species is expected to reflect this E/T ratio, i.e. the predators' interest in 65 the prey species studied. Assuming that biological and behavioural features of benthic invertebrates
66
(e.g. burrowing, diving) make them more or less accessible to fish, and thus available and interesting 67 as potential prey, it is possible to relate the variation in predation rate to these features. A coefficient of
68
'interest' is therefore associated with these features. Consequently, the gross energy provided by prey 69 can be weighted by this penalising component within an energetic tool to properly reflect the prey's 70 level of interest (to the fish) as a food source.
71
This study aimed to develop the 'Available Benthic Energy Coefficient' (ABEC), a generic energetic 72 tool in which the profitability of prey is defined as a combination of its energy supply (i.e. energetic 73 gain) and its accessibility to predators (i.e. energetic penalty). We developed and applied ABEC using 74 data from a coastal case study, the Bay of Vilaine located in the northern Bay of Biscay, France. The 75 development of ABEC raised 3 main issues which are thoroughly assessed in this study: (1) finding a 76 method to calculate the annual estimated energy of prey using a '1-time' observation of biomass from 77 scientific surveys, (2) defining relevant criteria (generic and consistent with empirically known 78 predator−prey relationships) for assigning any benthic prey species to an accessibility class, and (3) 79 developing and fitting coefficients for each accessibility class. These coefficients are key components 80 of ABEC, as they weight the energy supplied by prey to a predator.
81
MATERIALS AND METHODS
82
Study site
83
The Bay of Vilaine ( 
91
Sampling protocol 92
Benthic invertebrate sampling
93
Benthic macrofauna of the Bay of Vilaine were sampled using a van Veen grab (van Veen 1933) 94 during the late summer (September) of 2008 ( Fig. 1) . Once aboard, grab samples were immediately 95 rinsed with a 1 mm mesh on the boat deck and then collected in zipper bags and fixed with formalin to a final concentration of 7%. In the laboratory, samples were rinsed with water and then fractionated 97 using a column of 5 successive sieves of different mesh sizes (from 16 to 1 mm square mesh).
98
The benthic invertebrates from each mesh size were stored in a 70% ethanol solution and identified to 99 species level whenever possible, or to higher taxa, then weighed. A total of 160 taxa were identified.
100
The 3 replicates performed in each of the 42 sampling stations were pooled, and density of benthic 
120
Prey from gut contents were partially damaged by the digestion process; thus, the identification 121 resolution was generally lower than that in the grabs. To improve identification of prey in gut contents,
122
we compared prey taxa from the gut to the corresponding grab taxa; for instance, if arms of the genus
123
Ophiura (Echinodermata) were observed in gut contents and the species Ophiura ophiura was found 124 only in the associated grabs, the genus was identified to the O. ophiura species. When no prey from 125 the grab closely matched those from the gut, nothing was changed, and the prey was identified at the 126 lowest level possible. These modifications corresponded to 3% of the total abundance of prey. 
131
those species represented more than 1/1000 of the total biomass or 0.5/1000 of the total abundance.
132
This step allowed a large set of potential prey to be retained. Species found mainly in the 16 mm sieve
133
of the grab sample were rejected, as they were larger than the mouth sizes of the fishes studied 134 (Wainwright & Richard 1995) . Thus, 95 taxa were considered as potential prey of the 5 fish species.
135
These prey represented 98.9 and 95.7% of the in situ abundance and biomass, respectively, of the 136 benthic fauna. 
137
Composition of ABEC, the Available Benthic Energy Coefficient
146
where E is expressed in kJ.g -1
, π in year -1
, and R and A unitless. Thus, the coefficient corresponds to 147 a quantity of energy per unit of wet mass and per year for prey species i.
148
Mass energy coefficient (E)
149
Conversion of the wet mass of benthic invertebrates to gross energy quantities was accomplished 150 using a coefficient of ash-free dry mass divided by the wet mass (AFDM/WM) and an energy conversion factor (energy/AFDM) in kJ g−1, taken from a database developed by Brey et al. (2010) .
152
Individual energy quantities were estimated from the product of both coefficients and individual
153
biomasses. Whenever a conversion factor for a studied species was not available or was based on a single data point, we used the conversion factor of the closest taxon (e.g. 
196
Coefficient of accessibility of prey (A)
197
The combination of the first 3 components along with the biomass provides the gross energy annually
198
produced by a community of prey. However, as mentioned in the 'Introduction', the catch rate of prey 199 varies among prey species, based on their accessibility to predators. The term 'accessibility' is related
200
here to predator and prey abilities and behaviours (i.e. capture and avoidance). We hypothesise that 
221
Computation of accessibility coefficients
222
For each prey species found in the stomach contents of a predator (i.e. fish), the predation rate was
where ̅̅̅̅̅̅ is the mean number of a prey species, computed from the gut contents of all fish 227 individuals of a species j captured in a sampling station, and ℎ is the abundance of the fish species 
233
The predation rate as defined here assumes that each predator can potentially eat all the prey. Each 
237
Using the following generalised linear model, we tested the hypothesis that the accessibility level of 238 prey has an effect on the predation rate and quantified the coefficients related to each accessibility 239 class. We used the Gaussian family and log 10 link function; the intercept term was removed because 240 the aim was to assess the effect of each accessibility level and not to assess how these accessibility 241 levels are distributed around the mean predation rate:
As previously mentioned, prey accessibility was defined in 2 categories (hardly or easily accessible).
244
The model was deemed relevant if (1) the accessibility variable had a significant effect (as tested with
245
an ANOVA) and (2) its estimates were consistent with the assumption that 'hardly accessible' prey had 246 a lower predation rate than 'easily accessible' prey. As the model was developed using log10-247 transformed data, both predictions of predation rate, which directly corresponded to both estimates of 248 the accessibility categories, were exponentially transformed using the correction of Laurent to obtain 249 unbiased predicted values (Laurent 1963) . The normality assumption was tested using the Wilks-
250
Shapiro test.
251
We standardised both estimates by dividing them by the highest estimate of the 2 accessibility 
282
to the beginning and end, respectively, of the main period of macrobenthic production at this latitude.
283
This peak in production is mainly due to the increase in temperature during summer and is associated 
304
To illustrate the contribution of each component to the final coefficient (ABEC) and to compare the 305 spatial distributions of profitable production and biomass, we successively added each ABEC 306 component over the annual mean biomass. We tested whether the distribution of the available energy 307 production values (estimated using ABEC) corresponded to the distribution of gross biomass values 308 using analyses accounting for spatial correlation. A linear model between these 2 variables, in which the autocorrelation structure was considered via latitude and longitude, was built using the function
RESULTS
313
Fitted accessibility coefficients 314
Predation rates were estimated for 60% of the taxa identified in gut contents. Around 30% of the 315 remaining taxa are rarely caught by predators; they represent less than 14% of the abundance of prey 316 items ingested. Though these taxa were observed in the study site, they were absent in the grab 317 stations associated with the trawl stations involved; the distance between grab and trawl samples was 318 sometimes >1 km, which could explain this lack of information. Only a few taxa (around 10%) that 319 occurred in gut contents were never sampled in the grab. These taxa were very small benthic 320 invertebrates (meiofauna) or highly mobile suprabenthic invertebrates of the Crangonidae family,
321
representing less than 3% of the prey items.
322
Coefficients of accessibility were applied to the 95 prey taxa. The standardised coefficients were 0.11 323 and 1.00 for the 'hardly accessible' and 'easily accessible' prey categories, respectively (Fig. 2) .
324
Differences between the 2 values (ANOVA: p-value < 0.001) clearly underlined the disparity between 325 the 2 prey categories. The accessibility effect explained 20% of the variation in predation rate. 
327
Diversity of ABEC composition within the prey community of the Bay of Vilaine
334
The first 2 axes of the PCA accounted for 76% of ABEC variance. The 4 variables structuring ABEC
335
represented on the first PCA plane were weakly correlated with each other (Fig. 3) Table 2 . Furthermore, ABEC calculated by taxonomic groups or trophic 366 guilds (Fig. 5) confirmed the Mantel test results: no differences among trophic guilds and significant 367 differences among taxonomic groups. The latter corresponded mainly to the Crustacea group, which 368 had a mean ABEC value 10 times as high as those of the other groups. 
. Spatial distribution of (A) biomass (B) and (E) profitable production (B × ABEC); (B, C, D) components of
399
6C). The accessibility coefficient greatly penalised gross energy production but scarcely modified the 400 patterns described previously ( Fig. 6e ; Pearson r = 0.99 with data in Fig. 6D ). This illustrates that
401
hardly and easily accessible benthic invertebrates were uniformly distributed in the study area.
Finally, profitable energy production estimated using ABEC (Fig. 6E) 
451
need to be combined with the existing burying criteria to provide relevant mixed categories.
452
The accessibility component used in this study did not modify the dispersion patterns of food in the
453
Bay of Vilaine, as hardly and easily accessible prey are homogeneously distributed in the bay.
454
However, examples occur where the inaccessibility of a highly profitable and abundant prey (e.g.
455
tubicolous species) might strongly decrease the gross energy available for predators. For instance,
456
Haploops nirae, a tubicolous amphipod, represents more than 90% of the total biomass in the Bay of 
463
Reliability of core data 
489
In our study, some of the aforementioned taxa were found in the diet of the fish but were absent from 490 the grab samples. We assume that these missing taxa had only a small impact on the estimated 491 profitable production of the Bay of Vilaine, as they corresponded to only 3% of the predators' diet.
492
Implications for trophic ecology studies
493
ABEC was used in the Bay of Vilaine to convert biomass data into annual profitable production for 494 each prey taxon. This production was then aggregated to obtain the production of the entire directly 495 usable prey community to calculate the annual quantity of food that is profitable for a set of predators. 
521
The mean distance between 2 grab stations in our study is nearly 3 km. The high spatial variability of 522 profitable production between some adjacent stations suggests that a finer sampling resolution would 
527
Therefore, we believe that the optimal spatial resolution suggested here would also be appropriate for 528 other coastal nurseries. Alternatively, the sampling design in areas with more heterogeneous 529 substrates, such as the continental shelf, would likely require increasing the sampling effort and/or 530 stratifying the sampling protocol to better describe such ecosystems.
531
An energetic classification of benthic invertebrate prey 
